SECURITY  CLASSIFICATION  OF  This  »»GE  fWh#n  OMa  Cnl.r.dJ 


REPORT  DOCUMENTATION  PAGE 


r  t  f.l 


NRL  Memorandum  Report  4831 


«.  TITLE  (M  Su»lltl,) 

EXPERIMENTAL  OBSERVATIONS  OF  NAVAL  SPACE 
SURVEILLANCE  SATELLITE  SIGNALS  WITH  AN 
OUT-OF-PLANE  RECEIVING  STATION 


T.  AU  THOR(d> 

S.H.  Knowles,  R.H.  Smith*  and  W.B.  Waltman 


*.  fsrfonmin a  organization  nans  ans  aooresi 
Naval  Research  Laboratory 
Washington,  DC  20375 


II-  CONTROLLING  OFPiCI  NAME  ANO  AOORESS 


pi 

m 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  catalog  number 


S.  TYRE  or  REPORT  A  PERIOD  COVERED 

Final  report  on  a  sponsored 
project. 


i.  PERFORMING  ORO.  REPORT  NUMBER 


H 


ONTftACT  ON  grant  NUMitRf'e; 


Office  of  Nani  Research 
Arlington,  VA  22217 


10.  program  cl  Cm  Ent.  project,  task 

AREA  t  WORK  UNIT  NUMBERS 

61153N;  RR034-06-41; 
41-0960-0-2;  41-0993-0-1 


li.  report  OATE 

June  15, 1982 


IS.  NUMBER  or  PAGES 


V  NAME  A  AODRESVff  nilArwiI  from  Ca nlrwIHnS  Oltlet)  IS.  SECURITY  CLASS,  (ol  this  nptrl) 

UNCLASSIFIED 


s.  otsTmeuTioN  statement  uu,  *«*•»> 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  ST  ATEMCNT  (of  tl%e  mtvrvd  In  Block  20,  It  different  from  Moport) 


19.  supplementary  notes 


♦Naval  Space  Surveillance  System,  Dahlgren,  Virginia 


If.  KEY  WOROS  (Continue  on  rover  am  eide  ’<  neceeeeff  end  Identify  ky  ktock  ntmkor) 

(Aval  Space  Surveillance  System  (NAVSPASUR) 

Orbit  determination 
Satellite  detection 
Signal  processing 


S^^aSTRACT  (Continue  on  rover oo  aide  It  nocooeery  and  Identify  ky  kletk  number) 

Experimental  observations  were  made  during  May  1981  of  satellites  transiting  the  Naval  Space 
Surveillance  System’s  radio  frequency  fence.  The  receiving  station’s  location  at  Riverside,  Maryland  is 
well  out  of  the  plane  of  the  NAVSPASUR  fence;  this  made  possible  testing  the  efficiency  of  an  out-of¬ 
plane  station  in  enabling  single-pass  orbit  determination.  A  signal-processing  algorithm  was  developed 
that  made  possible  the  extraction  of  an  additional  item  of  information  from  each  satellite  transit  by 
chirp  processing.  It  was  concluded  that  both  an  out-of-plane  station  and  chirp  processing  have  promise 
for  enabling  single-pass  NAVSPASUR  orbit  determination.  > 


DO  ,  1473 


COITION  or  I  NOV  SI  IS  OOSOLSTI 
S/N  010  2-014-  SSO  1 


SECURITY  CLASSIFICATION  OF  THIS  RAOB  fUMw  I 


i 


m 


CONTENTS 

EXECUTIVE  SUMMARY  .  iv 

INTRODUCTION  .  1 

RECEIVING  SYSTEM  .  2 

SATELLITE  OBSERVING .  5 

DATA  REDUCTION  .  5 

FINE  GRAIN  ANALYSIS  .  12 

APPLICATIONS  TO  ORIBITAL  DETERMINATIONS  .  20 

ACKNOWLEDGMENTS .  22 

REFERENCES  .  23 

APPENDIX  A -SATELLITES  OBSERVED  .  24 

APPENDIX  B  -  SATELLITE  DETECTIONS .  25 

APPENDIX  C- SATELLITE  REPORTS  . 29 


iii 


Executive  Summary 

This  report  describes  the  results  of  work  performed  for  the  Navel 
Space  Surveillance  System  by  the  Radio  and  Infrared  Astronomy  Branch  of 
the  Naval  Research  Laboratory.  As  part  of  an  effort  to  upgrade  the  single 
pass  orbit  determination  capabilities  of  the  NAVSPASUR  satellite  tracking 
network,  satellite  echos  from  the  NAVSPASUR  transmitters  were  received  and 
recorded  at  the  Maryland  Point  Radio  Observatory,  Riverside,  Md.  The 
goals  of  the  experiment  were  to  determine  the  distribution  of  signal 
strengths  of  the  echos,  the  accuracy  obtainable  in  doppler  frequency 
determinations,  and  through  detailed  signal  analysis  to  measure  the 
characteristics  of  the  individual  echos.  When  combined  with  a  computer 
analysis  of  orbital  parameter  sensitivities  this  data  provides  information 
on  the  accuracy  improvement  obtainable  from  the  addition  of  new  receiving 
stations  out  of  the  plane  of  the  present  system  and  gives  the  signal 
parameters  needed  for  the  design  of  these  stations. 

A  total  of  165  satellite  passes  were  recorded  and  Fourier  transform 
processed  for  detection  and  measurement  of  signal  strengths,  arrival 
times,  and  doppler  shifts.  Over  75Z  of  the  passes  were  detected,  many 
from  more  than  one  transmitter  station.  The  range  of  signal  strengths  was 
comparable  to  that  from  the  in-plane  stations.  A  fine  grain  Fourier 
analysis  performed  on  a  selected  sample  of  returns  showed  that  the  returns  - 
had  a  chirp  signature  which  could  be  measured  to  an  accuracy  of  ±1-5  Hz/sec, 
with  a  doppler  measurement  accuracy  of  ±1  Hz. 

A  comparison  of  these  results  with  the  orbital  parameter  sensitivities 
shows  the  potential  for  dramatic  improvements  in  the  single-pass  measurement 
of  plane-normal  velocity  by  implementing  the  advanced  signal  processing 
techniques  used  in  this  experiment. 


EXPERIMENTAL  OBSERVATIONS  OF  NAVAL  SPACE  SURVEILLANCE 
SATELLITE  SIGNALS  WITH  AN  OUT-OF-PLANE  RECEIVING  STATION 


Introduction 

The  Naval  Space  Surveillance  System  consists  of  a  "fence"  of  217  MHz 
radiation,  located  in  a  great  circle  across  the  southern  part  of  our 
country,  which  is  of  necessity  crossed  periodically  by  all  satellites 
overflying  the  United  States.  Three  transmitting  stations,  located 
approximately  along  an  east-west  line,  establish  the  fence.  A  series  of 
receiving  stations  use  interferometry  to  establish  the  direction  cosines 
of  a  satellite  when  the  fence  is  crossed(S).  The  satellite  doppler 
shift  at  the  time  of  fence  crossing  is  also  available.  Because  no  co-operation 
is  required  from  a  satellite  to  measure  its  position,  and  because  of  its 
ability  to  pick  up  essentially  all  satellites,  the  NAVSPASUR  system  is  a 
central  element  of  our  Defense  Department  satellite  tracking  and  warning 
facilities. 

The  NAVSPASUR  system  as  presently  constituted  can  measure  5  of  the  6 
independent  parameters  needed  to  determine  a  satellite  orbit  accurately 
in  one  pass.  The  sixth  parameter,  the  component  of  velocity  normal  to  the 
NAVSPASUR  fence  plane,  cannot  be  measured  well  because  of  the  geometry 
involved.  Since  it  is  of  considerable  interest  to  be  able  to  determine 
all  parameters  of  a  satellite  pass  well  with  only  one  observation,  attention 
has  been  paid  to  the  possibility  of  eliminating  this  deficiency(4) . 

One  possible  solution  is  to  establish  one  or  more  receiving 
stations  located  a  significant  distance  north  or  south  of  the  present  fence 
in  order  to  eliminate  the  existing  geometrical  singularity.  In  order  to 
provide  experimental  evidence  to  verify  this,  observations  were  undertaken 
by  the  NAVSPASUR  management.  The  facility  used  for  this  experiment  was 
the  radio  astronomy  observatory  at  Riverside,  Maryland  belonging  to  the 
U.  S.  Naval  Research  Laboratory.  This  observatory  contains  two  large 
fully  steerable  parabolic  antennas  with  diameters  of  85  feet  and  84 
feet;  they  are  fully  efficient  at  the  NAVSPASUR  frequency.  In  addition, 

NRL  has  available  a  wide  variety  of  auxiliary  electronics,  as  well  as 
personnel  with  experience  in  receiver  design  and  signal  processing.  The 
Maryland  Point  Observatory's  geographical  location  at  ♦  «  38°  22'  N, 

X  m  77°  14'  W  is  within  15  statute  miles  of  the  naval  base  at  Dahlgren, 

Virginia,  which  is  a  prime  candidate  for  the  construction  of  an  out-of-plane 
station. 

This  report  describes  the  results  of  two  8-hour  observing  sessions 
conducted  during  May,  1981,  during  which  165  satellite  passes  were 
recorded.  A  complete  data  processing  system  was  developed  for  the 
experiment,  and  optimal  signal  analysis  methods  were  applied  that  made 
possible  the  extraction  of  an  additional  item  of  information  from  each 
satellite  transit  by  chirp  processing,  as  well  as  more  accurate  doppler 
shift  determination.  It  was  concluded  that  an  out-of-plane  station  near 
Dahlgren,  Va.  has  promise  for  enabling  single-pass  NAVSPASUR  orbit  determination. 
The  results  of  the  chirp  processing  indicate  that  single-pass  orbit 
determination  is  also  possible  by  applying  this  technique  at  the  existing 
NAVSPASUR  receiving  stations. 


Manuscript  submitted  March  31, 1982. 
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Receiving  System 

The  85- foot  antenna  of  the  Maryland  Point  Observatory  was  used  for 
this  experiment.  It  is  a  precision  equatorially-mounted  antenna  used  for 
radio  astronomy  observations  at  frequencies  up  to  S3  Gigahertz.  The 
surface  and  pointing  accuracy  greatly  exceed  that  required  at  the  NAVSPASUR 
frequency  of  217  MHz.  A  Clavin  type  of  dipole  feed  was  designed  and 
fabricated  for  use  at  217  MHz.  The  feed  is  linearly  polarized-  A  block 
diagram  of  the  receiving  system  is  shown  in  Figure  1.  A  noise  diode  and 
coupler  provide  the  reference  for  measurement  of  the  receiver  noise 
temperature  and  the  received  power.  The  first  local  oscillator  was 
adjusted  to  place  the  predicted  doppler  signal  for  each  object  observed 
at  2.2  kHz.  A  1.0  kHz  reference  tone  at  a  level  of  10  dB  below  the  system 
noise  level  was  added  Into  the  signal  channel.  A  time  code  was  written 
on  the  other  recorder  channel.  The  measured  parameters  of  the  system 
are  given  in  Table  I. 

To  verify  the  performance  of  the  receiver  system  and  to  measure  the 
efficiency  of  the  antenna  with  the  217  MHz  feed,  the  radio  source  Taurus  A 
(the  Crab  Nebula)  was  observed  on  May  5,  1981.  A  copy  of  the  chart 
record  is  shown  in  Figure  2.  These  observations  give  the  result 

^Crab  “  0«83  Tcai 
or,  for  Tcal  -  70  K, 

TCrab  “  58  K, 

where  T  stands  for  equivalent  antenna  temperature,  defined  by  the  equation 
below.  For  an  antenna  observing  a  radio  source  small  compared  to  the 
antenna  beam( 1 ) , 

^A  “  8  n  Ap 
2  k 

where  S  is  the  flux  density  of  the  radio  source  in  W'm“*.Hz“l , 
n  is  the  efficiency  of  the  antenna, 

Ap  is  the  physical  area  of  the  antenna  in  m* , 

and  k  is  Boltzmann's  constant  *  1.38  X  10“**  J*K“l .  For  the  85'  diameter 
antenna  at  Maryland  Point,  Ap  »  527  m2 .  The  flux  of  the  Crab  Nebula 
has  been  measured  as  1880  X  10”**  Jy  at  81.5  MHz,  and  1430  X  10“**  Jy 
at  152  MHz(2).  A  logarithmic  extrapolation  gives  S  •  1223  X  10“**  Jy 
at  217  MHz.  Therefore, 

n  “  2  k  TA  -  0.25 
S  Ap 

This  efficiency,  while  somewhat  low,  is  not  unreasonable  for  low  frequency 
dipole  feeds.  The  gain  of  the  85'  antenna  is: 

G  »  4  v  n  A„  -  869  -  29.4  dB 
X* 

at  217  MHz.  Thus  the  1  kHz  reference  tone  corresponds  to  an  isotropic 
received  power  (i.e.  the  power  that  would  be  received  with  a  0  dB  gain 
antenna)  of  -172.4  dBm.  Referenced  to  the  receiver  input,  this  number 
differs  by  the  antenna  gain  the  equivalent  value  is  -143  dBm.  The  antenna 
beamwidth  was  measured  to  be  3? 25  by  observing  the  sun  drift  through  the 
antenna  beam- 
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Table  I  —  Maryland  Point  receiving  system  parameters 


Antenna  Gain  29.4  dB 

Feed  VSWR  2.1 

Feed  Line  Lose  0.5  dB 

Coupler  and  Input  Filter  Loss  0.5  dB 

Calibration  Coupling  Factor  21.7  dB 

Noise  Diode  Excess  Temperature  9200°  K 

Effective  Calibration  Temperature  (at  feed)  70°  K 

System  Noise  Temperature  385°  K 

Calibration  Power  in  10  kHz  Bandwidth  -133  dBm 

Reference  Tone  Power  -143  dBm 


TAURUS  A 


Fig.  2  —  Taurus  A  chart  record.  The  first  "on"  segment  is  the  signal  from  the 
noise  calibration;  the  others  are  received  flux  from  the  radio  source  Taurus  A. 
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Satellite  Observing 

Observations  were  made  during  two  eight-hour  periods  on  7  and  8  May 
1981.  As  many  satellite  passes  as  possible  were  observed  from  a  predicted 
list  furnished  by  NAVSPASUH.  The  achieved  rate  was  about  1  pass  per  5 
minutes,  limited  primarily  by  the  finite  slewing  speed  of  our  85-foot 
antenna  (about  15°/minute  in  each  axis).  A  total  of  192  objects  were 
observed.  The  data  from  these  satellite  passes  were  then  recorded  on  a 
standard  reel-to-reel  audio  tape  recorder,  together  with  a  locally 
generated  time  code  on  the  unused  channel.  Amplitude  modulation  was 
used.  The  tape  recorder  was  run  continuously.  This  enabled  us  to  analyze 
the  full  pass,  including  the  time  interval  before  the  return  was  detected. 

The  audio  passband  recorded  was  from  about  20  Hz  to  12000  Hz;  a  synthesizer 
(Fig.  1)  was  adjusted  so  that  the  predicted  signal  with  the  most  negative 
doppler  shift  fell  at  the  audio  frequency  of  2200  Hz.  This  meant  that 
received  signals  almost  always  fell  into  the  audio  band  2000-4000  Hz. 

We  also  recorded  a  test  tone  at  1000  Hz  with  a  constant  amplitude  about 
10  dB  below  that  detectable  on  a  spectrum  analyzer;  this  signal  was 
later  used  to  calibrate  the  amplitude  of  the  received  signals.  We  also 
monitored  the  passes  by  ear  on  a  loudspeaker  to  get  an  approximate  indication 
of  signal  strength, and  detected  131  out  of  the  165  passes  listed  in 
Appendix  A. 

Data  reduction 

All  our  signal  processing  was  done  (not  in  real  time)  using  a 
Hewlett-Packard  2116C  mini-computer,  programmed  in  the  Forth  language ^(6) . 

Our  first  step  in  data  reduction  was  to  digitize  an  interval  from  T0-4 
seconds  to  T0+2  seconds  surrounding  each  satellite  pass. 

The  video  signal  was  digitized  under  software  control  by  the  computer. 
Samples  were  taken  at  a  20  kHz  rate  controlled  by  a  synthesizer;  this 
resulted  in  a  10  kHz  digital  bandpass.  Since  the  analog  bandpass  had  a 
gradual  falloff  that  extended  somewhat  above  this,  slight  aliasing  effects 
occurred  in  the  upper  part  of  the  bandpass.  This  effect  was  not  significant 
in  the  2-4  kHz  segment  where  signals  normally  occurred.  The  time  window 
was  opened  and  shut  by  an  Interrupt  generated  by  the  real-time  clock. 

The  data  was  digitized  using  the  one-bit  method  extensively  used  by 
radio  astronomers(3) ,  whereby  only  the  polarity  of  the  signal  is  recorded. 

The  use  of  this  method  very  much  eases  timing  and  data  storage  problems 
associated  with  sampling  the  data.  It  can  be  shown  that,  for  Gaussian 
signals,  the  one-bit  method  is  completely  equivalent  to  full  amplitude 
sampling  with  only  two  exceptions.  First,  the  signal-to-noise  ratio  is 
decreased  by  ir/2  ■  1.9  dB;  second,  the  absolute  signal  power  is  lost, 
but  can  be  recovered  by  means  of  a  calibration  signal.  The  characteristics 
of  this  method  have  not  been  rigorously  derived  for  non-Gaussian  signals; 
we  assumed  it  to  apply,  and  found  no  contraindication. 

Actual  signal  processing  consisted  of  two  parts.  The  first  preliminary 
solution  analyzed  the  signals  with  a  resolution  of  20  Hz  over  a  time 
window  of  1.0  seconds  by  averaging  twenty  1024-point  Fourier  transforms 


t  The  Forth  programming  language,  which  has  many  unusual  features,  is  a 
very  powerful  tool  for  the  analysis  of  real-time  data  on  a  mini-computer. 
However,  its  recursive  nature  makes  a  program  listing  difficult  to  comprehend. 
For  this  reason  software  documentation  in  this  report  is  limited  to  flow 
diagrams. 
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of  the  one-bit  data.  A  flow  diagram  of  this  signal  processing  is  shown  in 
the  accuracy  required,  we  had  a  few  practical  difficulties  with  our 
clock  that  decreased  the  accuracy  of  our  time-of-arrival  measurements. 

During  the  entire  first  day  (May  7),  the  master  clock  was  Improperly 
synchronized.  We  estimate  it  to  have  been  about  0.6  *  0.1  seconds  slow, 
so  that  a  satellite  that  was  “on-time"  would  appear  0.6  seconds  early. 

This  error  was  rectified  on  May  8,  so  that  the  clock  was  accurate  to 
within  10”*  seconds;  but  the  clock  was  discovered  at  the  end  of  the 
day  to  have  "dropped”  1.000000  seconds.  Examination  of  the  data  showed 
that  this  error  apparently  occurred  only  very  shortly  before  it  was 
noticed . 

The  results  of  the  routine  analysis  are  shown  in  Appendix  B.  The 
satellites  are  identified  by  their  MAVSPASUR  satellite  number;  orbital 
information  can  be  found  in  the  NAVSPASUR  satellite  summary(7) .  The 
quantities  shown  are  the  measured  amplitude  and  doppler  frequency  for 
each  of  the  3  NAVSPASUR  transmitters.  Amplitude  is  given  in  units  of 
dBm,  with  the  1000  Sz  reference  assumed  to  be  -172  dBm.  Where  a  column 
for  the  transmitter  was  omitted  entirely  it  means  that  the  signal  from 
that  transmitter  was  not  predicted  to  be  visible  from  Maryland  Point. 

“Not  detected"  means  that  the  signal  did  not  exceed  about  -182  dBm. 

"Unable"  means,  for  Wetumpka  and  Gila  River,  that  the  predicted  return 
frequency  was  within  40  Hz  of  the  generally  stronger  Kickapoo  return, 
making  them  impossible  to  distinguish  using  this  method.  Certain  of 
these  signals  were  later  found  using  the  fine  grain  analysis  described 
below.  Satellites  4-8  are  actually  calibration  signals  used  to  test 
the  software  and  hardware;  the  injection  frequency  of  each  was  2200  Hz. 

Fig.  4  indicates  the  linearity  of  measurement  of  our  system,  as  measured 
from  these  test  signals.  The  minimum  detectable  signal  is  about  -182 
dBm  from  our  signal  analysis.  (This  number  refers  to  actual  received 
signal  strength.  Referred  to  the  receiver  terminals  all  signal  strengths 
are  higher  by  the  antenna  gain  of  29.4  dB.)  With  this  analysis  we  detected 
125  of  166  passes  (a  few  were  eliminated  from  consideration  because  of 
various  technical  errors  on  our  part).  We  detected  75  of  152  possible 
Wetumpka  passes;  the  Wetumpka  signal  was  on  occasion  almost  as 
strong  as  the  Kickapoo  signal  in  spite  of  the  much  smaller  transmitted 
power.  We  detected  16  of  90  possible  Gila  River  passes;  all  of  these 
detections  were  weak  or  marginal. 

The  production  processing  gave  a  generally  faithful  representation 
of  basic  signal  characteristics.  A  principal  defect  was  that  the  system 
measured  average  received  power  over  a  fixed  1.0  second  window.  This 
resulted  in  occasionally  "missing"  satellites  that  arrived  appreciably 
earlier  or  later  than  predictions.  Fig.  5  shows  the  cumulative  distribution 
of  received  signal  strengths  from  our  experiment.  The  received  signal 
strengths  covered  a  wide  range.  The  strongest  received  Kickapoo  signal 
was  -151  dBm.  The  distribution  of  signal  strength  vs.  range  was  examined 
in  an  attempt  to  predict  the  maximum  observable  range.  Fig.  6  shows  the 
result.  The  actual  quantity  plotted  along  the  x-axis  is: 

y  -  10  log10  1 

pt  ^ 

where  Pt  is  the  range  from  the  transmitter  to  the  satellite 

Pr  is  the  range  from  the  satellite  to  the  receiving  station. 

This  quantity  represents  the  expected  relative  signal  strengths  from 
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sources  in  che  far  field  of  boch  the  transmitted  and  received  beams.  No 
clear  trend  is  evident.  There  are  several  reasons  for  this.  First,  many 
satellites  are  in  the  near  field  of  the  Kickapoo  transmitter,  which 
extends  to  7500  km.  (The  near  field  of  our  Maryland  Point  antenna  extends 
only  to  450  m.  at  this  frequency)  Second,  the  variation  in  satellite 
cross-sections  can  cause  a  large  scatter  in  this  curve.  Also,  since  this 
statistic  was  computed  from  the  standard  processing,  the  non-optimization 
can  cause  some  satellite  returns  to  appear  weaker  than  they  actually  are. 
The  principal  determinant  of  the  probability  of  detection  was  the  azimuth 
of  the  satellite  as  viewed  from  the  Maryland  Point  Observatory.  Fig.  7 
clearly  shows  the  cutoff  effect  of  the  eastern  end  of  the  transmitter 
patterns. 
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SIGNAL  LEVEL,  DB 


PERCENT  GREATER  THAN  SPECIFIED  LEVEL 


Fig.  5  -  Cumulative  distribution  of  signal  strengths  for  the 
three  NAVSPASUR  transmitters 
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SIGNAL  AMPLITUDE,  DBM 


Fig.  6  —  Measured  signal  strength  as  a  function  of  range  for 
Kickapoo  signals.  Non-detections  are  plotted  along  the  left- 
hand  edge  of  the  plot 


PERCENT  OF  PASSES  DETECTED 


AZIMUTH  FROM  MARYLAND  POINT  OBSERVATORY 

Fig.  7  —  Detection  percentage  vs.  azimuth 
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Fine  Grain  Analysis 

A  more  chorough  analysis  was  performed  on  a  sample  of  13  satellite 
returns;  12  of  these  were  selected  from  a  list  supplied  by  the  NAVSPASUR 
technical  director  and  one  was  selected  by  S-K.  because  of  its  signal 
strength.  In  this  analysis,  we  attempted  to  extract  essentially  all  the 
information  available  concerning  our  sample  satellite  returns.  This  was 
easily  possible  because  the  data  had  been  stored  in  digital  form  on 
magnetic  tape,  as  described  earlier.  We  had  several  specific  objectives 
for  this  analysis.  We  wished  to  determine  the  maximum  accuracy  with 
which  a  doppler  measurement  could  be  made  on  a  NAVSPASUR  return  using 
efficient  signal  processing.  We  then  wished  to  apply  these  results  to 
an  orbital  elements  matrix  to  verify  thes  possiblity  of  determining  all 
six  elements  of  a  satellite  orbit  accurately  from  one  fence  pass.  In 
order  to  do  this,  "de-chirp"  processing  was  developed,  in  which  the 
linear  rate  of  change  of  doppler  shift  of  these  selected  satellite  signals 
was  removed.  The  chirp  occurs  while  passing  through  the  fence  due  to 
geometrical  considerations.  We  also  wished  to  examine  the  amplitude  and 
frequency  vs.  time  characteristics  of  several  typical  satellite  passes 
to  investigate  reports  of  unusual  characteristics  in  signal  returns  from 
the  strong  Kickapoo  transmitter. 

In  order  to  do  this,  an  interactive  Fourier  analysis  package  was 
developed  to  enable  matching  the  signal  processing  parameters  to  the 
return  being  analysed.  A  flow  diagram  of  the  general  signal  analysis 
scheme  is  shown  in  Fig.  8.  First,  an  intermediate  data  set  was  created 
by  taking  256  successive  128-sample  Fourier  transforms  and  storing  them 
on  a  disk.  Since  the  one-bit  method  automatically  normalizes  the  total 
power  over  the  appropriate  band,  each  intermediate  spectrum  was  renormalized 
before  storage  by  setting  the  mean  of  the  frequency  range  1200-2000  Hz, 
which  should  contain  no  signals,  to  a  constant  value.  The  total  time 
window  for  this  method  was  1.6384  seconds;  the  starting  time  was  adjustable, 
under  operator  control,  within  the  T0-4  seconds  to  T0+2  seconds  window 
recorded  on  the  data  tape.  Each  of  the  intermediate  transforms  spanned  a 
time  Interval  of  6.4  milliseconds,  with  a  frequency  resolution  element 
of  156.25  Hz.  (The  numbers  above  are  derived  from  the  properties  of 
Fourier  transforms.)  These  Intermediate  transforms  could  then  be  operated 
upon  to  produce  a  series  of  spectrograms  with  any  desired  time  resolution 
(1.384  seconds  >  t  >  0.0064  seconds)  and  frequency  resolution 
(0.61  Hz  <  Af  <  156.25  Hz)  desired.  This  was  done  by  performing  a 
complex  Fourier  transform  on  the  time  series  consisting  of  the  complex 
amplitude  belonging  to  a  particular  frequency  channel  or  bucket.  The 
resolution  was  normally  chosen  in  binary  fashion. 

The  normal  analysis  method  was  to  first  examine  a  series  of  4  spectra 
each  0.4096  seconds  long  using  a  time  window  centered  on  the  expected 
arrival  time,  and  display  these  on  an  X-Y  recorder  (Fig.  9).  The  frequency 
bucket  used  corresponded  to  that  in  which  the  Xickapoo  signal  was  expected 
(generally  #13  or  #14).  If  a  signal  was  found,  the  actual  arrival  time 
was  estimated,  and  the  intermediate  transforms  were  re-computed  using 
this  window  center  for  further  analysis.  If  no  return  was  found,  the 
rest  of  the  tape  window  was  searched  to  see  if  one  could  be  located. 

When  a  signal  was  found,  the  1000  Hz  calibration  signal  was  used  to 
calibrate  the  amplitude  scale.  In  addition,  the  apparent  frequency  of 
the  calibrator  was  used  as  a  scale  factor  to  compensate  for  the  ±1Z 
speed  fluctuations  of  the  tape  recorder.  After  calibration,  de-chirp 
processing  was  performed  upon  the  signal.  The  de-chirp  processing  amounted 
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Fig.  9  -  Determination  of  accurate  arrival  time  from  0*4  snapshot*.  Displacement 
of  frequency  axis  between  spectra  #2  and  #3  is  due  to  chirp. 
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Co  mixing  Che  signal  vlch  a  chirped  local  oscillaCor;  chac  is,  one  whose 
frequency  varied  ac  a  linear  race.  This  race  was  adjuscable  ac  will. 

This  meChod  was  implemenced  in  pracCice  by  making  use  of  Che  relaClonship 
ChaC  for  a  constant  rate-of-change  in  frequency 

M  -  K 

dt 

che  corresponding  change  in  phase  is 

A#  -  K  •  (t  -  c0)» 

2 

by  inCegraCion.  This  change  of  phase  was  Chen  applied  to  each  of  the 
(complex)  intermediate  power  spectra  before  co-addition.  This  de-chirp 
processing,  known  to  signal  analysts  as  "chirp-z"  processing,  is  an  area 
of  signal  analysis  in  which  the  mathematical  foundations  are  not  well-understood. 
We  assumed  applicability.  For  all  signals  studied,  the  de-chirp  processing 
proved  to  be  a  much  improved  way  to  extract  information  from  the  data. 

The  de-chirp  processing  resulted  in  improved  slgnal-to-noise  ratio, 
greatly  Improved  doppler  shift  accuracy,  and  an  additional  measurement 
element  in  the  rate-of-change  of  doppler  shift.  Figure  10  illustrates 
a  typical  case  of  chirp  processing  for  satellite  #10561.  As  received, 
its  chirp  of  approximately  -20  Hz/sec  spreads  the  received  energy  over  a 
frequency  range  of  about  7.5  Hz  during  the  typical  0.'5  second  beam  transit 
time.  When  the  chirp  is  compensated  for,  the  received  power,  which  is  an 
invariant,  lines  up  within  a  frequency  interval  of  1.5  Hz,  which  is 
consistent  with  fully  coherent  addition  for  the  signal  transit  time.  In 
addition  to  a  five-fold  improvement  in  doppler  shift  accuracy,  the  signal 
amplitude,  and  thus  slgnal-to-noise,  is  increased  by  a  factor  of  4. 

This  result  is  typical  of  that  realized  on  satellite  returns  by  chirp 
matching. §  Another  interesting  example  of  de-chirp  processing  is  shown 
In  Fig.  11.  Here,  we  were  able  to  clearly  distinguish  Kickapoo  and 
Wetumpka  signals  separated  by  only  20  Hz  because  of  their  different 
chirp  rates. 

The  results  of  our  computation  of  doppler  shift,  chirp  rate  and  amplitude 
are  shown  in  Appendix  C.  In  general,  the  results  are  consistent  with 
the  coarser  standard  analysis:  #102  (rather  strong)  and  #176  (quite 
weak)  had  been  missed;  conversely,  #35  had  produced  a  false  detection, 
although  at  only  -181  dBm  level.  We  computed  the  doppler  shift  accuracy  by  the 
conservative  method  of  determining  the  half-width  of  the  signal  return 
when  de-chirped;  as  discussed  below,  much  greater  accuracy  should  be 
achievable  for  strong  signals.  In  almost  every  case  this  was  not  more 
than  the  value  predicted  from  Fourier  theory  for  a  coherent  signal.  The 
chirp  rate  accuracy  was  determined  by  a  process  of  varying  the  chirp 


§  -  The  apparent  displacement  in  doppler  frequency  that  occurs  as  a 
function  of  chirp  rate  in  this  and  all  other  figures  in  this  report  is 
an  artifact  due  to  the  fact  that  our  time  origin  was  chosen  at  the 
beginning  of  the  time  window,  0.8  seconds  before  the  signal  return. 
Thus,  the  signal  is  displaced  by  an  apparent  frequency  shift  of 
0.8  seconds  times  the  chirp  rate.  This  effect  was  compensated  for  in 
all  doppler  shift  computations. 
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Fig.  10  -  Illustration  of  de-chirp  processing  on  satellite  #10561 
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Fig.  11  —  De-chirp  processing  applied  to  satellite  #35,  illustrating  the  ability  to 
detect  closely  spaced  Kickapoo  and  Wetumpka  signals  at  different  chirp  rates 
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race  by  ±1  Hz  steps  and  determining  when  a  clear  difference  in  signal 
amplitude  existed.  The  estimated  accuracy  of  the  chirp  rate  varied  a 
great  deal  more  than  that  of  the  doppler  shift.  This  is  expected,  as 
the  chirp  rate  determination  is  more  affected  by  the  details  of  the 
signal  amplitude  vs.  time  profile.  The  accuracy  of  chirp  determination 
could  also  be  greatly  improved  with  a  parametric  statistic. 

If  a  completely  coherent  signal  (we  define  completely  coherent  as  a 
single  frequency  sine  wave)  is  measured  for  an  interval  r,  a  Fourier 
transform  of  this  signal  has  frequency  buckets  of  width  1/t,  and  a 
resolution  of  1.2/x  if  uniform  weighting  is  used.  For  a  typical  0.5 
second  NAVSPASUR  pass  time,  this  amounts  to  a  possible  frequency  measurement 
accuracy  of  2  Hz.  This  is  the  “worst-case'1  measurement  accuracy  for  a 
barely  detectable  signal  (signal-to-noise  ratio  of  1:1)  as  long  as  it  is 
fully  coherent.  For  a  strong  signal  there  is  the  possibility  of  further 
improvement,  as  the  accuracy  of  frequency  measurement  should  be  approximately 
inversely  proportional  to  signal-to-noise  ratio  over  some  considerable 
range.  For  a  S/N  of  20  dB,  which  was  typical  of  many  of  our  observed 
satellites,  this  leads  to  a  possible  frequency  measurement  accuracy  of 
0.02  Hz.  A  typical  NAVSPASUR  satellite  return  had  a  chirp  of  -10  to  -30 
Hz/sec;  this  means  that  its  doppler  shift  would  spread  out  over  a  range 
of  5  to  15  Hertz  and  not  allow  this  measurement  accuracy-  However,  if 
its  doppler  shift  is  changing  at  a  constant  rate  (or  indeed  any  known 
g(t)  ),  this  can  be  compensated  for  as  indicated  above  to  enable  full 
accuracy  to  be  achieved.  Chirp  rate  should  also  be  measurable  with  a 
similar  improvement  proportional  to  the  signal-to-noise  ratio. 

Our  doppler  shift  measurements  varied  by  up  to  ±20  Hz  from  the 
NAVSPASUR  predictions.  No  systematic  trend  was  evident.  Chirp  measurements 
for  Kickapoo,  however,  were  consistently  about  10  Hz  more  positive  than 
predictions,  although  Wetumpka  chirp  measurements  agreed  within  ±2  Hz. 

The  explanation  lies  presumably  in  a  faulty  geometry  in  the  predictions. 
Usually  close  to  90Z  of  the  return  energy  could  be  de-chirped  into  the 
central  return;  for  some  satellites,  as  in  the  Kickapoo  return  in  Fig. 

11,  appreciable  sidebands  were  present.  This  phenomenon  has  not  been 
investigated.  Returns  as  the  satellite  transits  an  antenna  sldelobe 
should,  in  general,  dechlrp  in  the  same  manner  as  the  main  lobe  return. 
However,  further  study  of  the  expected  chirp  pattern  is  indicated  because 
phase  shifts  are  known  to  take  place  between  main  and  side  lobes,  and 
also  if  the  target  is  in  the  near  field  of  the  antenna,  as  is  often  the 
case  for  the  Kickapoo  array. 

A  limited  investigation  was  undertaken  of  the  amplitude  characteristics 
of  satellite  returns.  Figure  12  shows  a  typical  amplitude  vs.  time  plot. 

The  pass  duration,  about  0.5  seconds,  was  similar  for  all  satellites.  Many 
showed  a  surprising  deep  fading  with  an  unexpectedly  high  fading  frequency 
in  the  10  Hz  range.  This  would  require  a  satellite  rotation  rate  higher 
than  seems  physically  plausible.  No  alternative  explanation  can  be 
suggested  at  this  time. 
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Applications  to  Orbital  Determinations 

This  preliminary  investigation  has  clearly  demonstrated  that  it  Is 
possible  to  receive  many  satellite  returns  with  adequate  signal  strength 
from  an  out-of-plane  NAVSPASUR  station  located  in  the  vicinity  of  Dahlgren, 
Virginia.  We  have  also  demonstrated  that  it  Is  possible  to  determine, 
for  a  typical  signal,  both  doppler  shift  and  chirp  to  a  much  higher 
precision  than  is  customarily  done  in  the  NAVSPASUR  system.  Unfortunately, 
it  was  not  possible  with  our  present  data  to  take  the  further  step  of 
actually  determining  a  one-pass  orbit  from  our  out-of-plane  data  together 
with  the  standard  observables  from  the  fence.  This  was  because  the  raw 
data  for  our  observing  dates  were  not  saved  at  NAVSPASUR  headquarters 
when  the  standard  daily  data  compression  was  done.  To  do  this  realistic 
simulation  is  a  first  priority  for  future  work. 

Although  a  direct  determination  of  a  one-pass  orbit  using  our  data 
was  not  possible,  our  improved  signal  strengths  and  doppler  shift  and  chirp 
error  bounds  provide  important  support  to  the  hypothesis  that  an 
out-of-plane  station  and/or  improved  observation  modes  can  greatly  improve 
the  determination  of  off-plane  doppler  shift.  Calculations  to  illustrate  this 
are  given  in  tables  II  and  III.  These  results  are  numerical  results  computed 
by  R.S.  using  the  known  computable  error  covariance  matrix  for  the 
appropriate  geometry,  together  with  error  estimates  for  the  quantities  in 
question.  They  thus  represent  realistic  simulations  of  the  accuracies  to 
be  expected.  Table  II  illustrates,  for  a  typical  satellite  geometry,  the 
accuracies  achievable  in  measurement  of  the  plane-normal  velocity^ for  the 
existing  system  and  for  various  enhancements.  The  existing,  or  baseline 
system,  has  a  measurement  accuracy  of  ±20  Hz  in  doppler  shift  and  ±0.0015 /sec 
in  the  rate  of  change  of  the  direction  cosines.  This  gives  for  a  sample 
satellite  an  off-plane  velocity  accuracy  ov  of  ±95  km/min.  If  the  doppler 
measurement  accuracy  is  improved  to  ±1  Hz,  ov  Improves  only  slightly,  to 
±79  km/min,  indicating  that  this  improvement  is  clearly  not  worth 
implementing  for  this  purpose.  An  improvement  in  measuring  the  direction 
cosine  rate  m'  to  0.00015/sec  is  effective  in  improving  av  to  9.6 
km/min.  The  most  dramatic  improvement  in  ov  measurement  would  come 
by  implementing  chirp  processing.  For  a  test  case  with  only  chirp  processing 
added,  the  ov  measurement  accuracy  is  improved  by  25X,  to  3.8  km/min. 

As  mentioned  above,  we  have  shown  that  chirp  processing  is  clearly  feasible, 
with  measured  accuracies  between  1  and  5  Hz/sec.  This  results  in  a  ov 
measurement  accuracy  of  between  3  and  20  km/min.  Improving  doppler 
shift  and  direction  cosine  rate  accuracy  adds  very  little  if  chirp  processing 
is  already  Implemented,  as  shown  in  the  first  "maximal  accuracy"  case. 

In  any  event  ±1  Hz  doppler  processing  is  a  necessary  by-product  of 
chirp  processing. 

For  an  out-of-plane  station,  similar  improvements  can  be  obtained 
without  chirp  processing.  A  station  at  Dahlgren,  with  standard  processing, 
gives  an  Improvement  in  ov  to  8.2  km/min,  while  one  at  latitude  +45°, 
with  better  geometry,  causes  even  better  results,  with  <jv  *  4.2  km/min. 
Expected  signal  strengths  should  be  less  for  the  northern  station,  however. 
With  the  use  of  chirp  processing  at  the  main  station  combined  with  doppler 
measurement  at  the  off-plane  station,  even  better  accuracies  can  be 
obtained;  0.3  km/min  for  a  Dahlgren  station  and  0.2  km/min  for  a  +45° 
station. 


t  The  phrase  'plane-normal  velocity'  refers  to  the  component  of  the  satellite 
velocity  normal  to  the  NAVSPASUR  fence. 
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Table  II 


Selected  Computations  Illustrating  Improvement  In  Off-Plane  Doppler  Shift 
Determination  Resulting  from  Utilization  of  Various  Proposed  Improvements 
in  NAVSPASUR  System,  Including 

A  -  Maximum  Accuracy  Doppler  Shift  Determination 
B  -  Use  of  Chirp  Information 

C  -  Use  of  Out-of-Plane  Station  at  (a)  45°  latitude,  or  (b)  approximate 
Dahlgren,  Va.  co-ordinates 
D  -  Flutter  of  the  NAVSPASUR  fence  by  1®. 

Results  are  for  a  typical  satellite  geometry  with  altitude  *  1200  n.m. , 
inclination  m  65°,  and  pass  longitude  *  99  °W. 


Case 

<*f 

Hz. 

am' 

1/sec 

°f’ 

Hz/sec 

f  Dahl 

f  45  0 

flutter 

av 

km/min 

Baseline 

20 

0.0015 

- 

- 

- 

- 

94.94 

Improved  Observation  Modes: 
f  1  0.0015 

79.17 

m' 

20 

0.0007 

- 

- 

- 

- 

44.34 

m' 

20 

0.00015 

- 

- 

- 

- 

9.50 

f’ 

20 

0.0015 

20 

- 

- 

- 

55.34 

f ' 

20 

0.0015 

1 

- 

- 

- 

3.47 

Out-of-Plane  Station: 

*Dahl  20  0.0015 

. 

✓ 

. 

3.06 

fDahl+fl-“tter 

20 

0.0015 

- 

✓ 

- 

✓ 

2.32 

f45° 

20 

0.0015 

- 

- 

✓ 

- 

3.85 

f45°+  flutter 

20 

0.0015 

- 

- 

/ 

/ 

2.16 

flutter 

20 

0.0015 

- 

- 

- 

/ 

2.79 

Maximal  Accuracy: 
f.m’.f'  1 

0.00015 

1 

3.21 

fDahl 

1 

0.00015 

1 

/ 

- 

- 

0.42 

cDahl+flutter 

1 

0.00015 

1 

✓ 

- 

✓ 

0.27 

f45° 

1 

0.00015 

1 

- 

✓ 

- 

0.23 

f45°  +  flutter 

1 

0.00015 

1 

- 

/ 

/ 

0.14 

flutter 

1 

0.00015 

1 

- 

- 

/ 

0.65 

Symbols:  f  *  doppler  shift 

m'  *  rate  of  change  of  direction  cosines 
f'  *  rate  of  change  of  doppler  shift  ■  chirp 

Dahl  referc  to  a  station  at  the  approximate  location  of  Dahlgren, 
Va. 

45«  refers  to  a  station  at  45s  north  latitude 
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Table  III  —  A  comparison  of  improvement  in  NAVSPASUR  plane-normal 
doppler  shift  determination  from  out-of-plane  stations  for  satellites  at 

various  altitudes 

Altitude  Current  Off-Plane  Improved  Velocity  Accuracy 


n.m. 

Velocity  Accuracy 
km/min 

+45° 

Dahlgren 

19200 

1311 

51 

93 

14700 

1005 

39 

71 

10800 

741 

29 

53 

7500 

517 

22 

37 

4800 

334 

14 

25 

2700 

193 

8.2 

15 

1200 

95 

4.2 

8.1 

An  alternate  system  improvement  is  to  flutter  the  transmitted  beam 
by  about  1°  in  a  north-south  direction  to  enable  two  sequential  detections 
of  a  satellite  on  each  pass.  While  implementation  problems  are  associated 
with  this,  it  could  produce  cv  accuracies  comparable  to  an  out-of-plane 
station.  The  highest  accuracy  case,  with  a  crv  error  of  ±0.16  km/min, 
is  obtained  by  using  an  out-of-plane  station  together  with  chirp  processing 
and  beam  flutter;  however,  it  is  unrealistic  to  expect  implementation  of 
all  three  of  these  improved  operating  modes. 

Table  III  illustrates  the  accuracy  in  off-plane  velocity  as  a  function 
of  satellite  altitude.  As  expected,  ov  accuracy  becomes  worse  as  the 
satellite  altitude  increases,  because  of  the  poorer  geometry;  the  ratios 
between  current  accuracy,  accuracy  at  a  Dahlgren  site  and  accuracy  at  a 
+45°  site  remain  almost  constant. 

Further  investigations  are  indicated  to  obtain  full  experimental 
confirmation  of  our  predicted  orbital  accuracy  improvements,  apply  our 
improved  measurement  methods  to  the  NAVSPASUR  system,  and  to  investigate 
further  some  still-unexplained  characteristics  of  the  NAVSPASUR  signals 
such  as  the  observed  rapid  fading. 
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APPENDIX  A 


NAVSPASUR  SATELLITES  OBSERVED  AT  MARYLAND  POINT  5/7-8/81 


1571 

1586 

4254 

4254 

4588 

4813 

5551 

5552 

6120 

6121 

6678 

6682 

6991 

7005 

7435 

7440 

7768 

7823 

8291 

8419 

9025 

9481 

9737 

9846 

10289 

10290 

10589 

10589 

10961 

11042 

11129 

11130 

11168 

11251 

11331 

11425 

11600 

11680 

11879 

12054 

12325 

12327 

1586 

2801 

4386 

4387 

5180 

5211 

5554 

5614 

6122 

6262 

6851 

6852 

7209 

7272 

7490 

7490 

7824 

7825 

8799 

8873 

9509 

9588 

9853 

9903 

10292 

10362 

10590 

10676 

11044 

11045 

11130 

11130 

11297 

11302 

11510 

11540 

11680 

11695 

12071 

12107 

3158 

3229 

4388 

4388 

5213 

5214 

5683 

5731 

6265 

6266 

6907 

6986 

7274 

7291 

7663 

7678 

7827 

7827 

8889 

*  8892 

9591 

9593 

10019 

10141 

10491 

10514 

10744 

10776 

11049 

11084 

11133 

111  3** 

11303 

11303 

11542 

11543 

11697 

11750 

12109 

12114 

3576 

3818 

4564 

4578 

5549 

5550 

6079 

6118 

6270 

6392 

6989 

6990 

7424 

7424 

7684 

7714 

8072 

8287 

9011 

9011 

9594 

9610 

10282 

10288 

10520 

10561 

10930 

10935 

11086 

11111 

11135 

11165 

11320 

11326 

11544 

11573 

11875 

11876 

12149 

12320 
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APPENDIX  B 


NAVSPASUR  SATELLITE  DETECTIONS 


NRL 

NO. 

DATE 

TIME 

SAT  NO .  KICKAPOO 

AMP.  FREQ. 

WETUMPKA 
AMP.  FREQ. 

GILA  RIVER 
AMP.  FREQ. 

4 

5 

6 

7 

a 

9 

81 

81 

81 

81 

81 

81 

5 

5 

5 

5 

5 

5 

7 

7 

7 

7 

7 

7 

16 

16 

17 

16 

16 

16 

45 

46 

47 

48 

49 

50 

15 

15 

15 

15 

15 

15 

10 

0 

-10 

-20 

-30 

-40 

-156  2204.3 

-167  2204.7 

-178  2197.6 

NO  DETECTION 

NO  DETECTION 

NO  DETECTION 

NO 

NO 

NO 

UNABLE 

UNABLE 

UNABLE 

DETECTION 

DETECTION 

DETECTION 

TEST 

SIGNALS 

10 

81 

5 

7 

16 

59 

31 

62?6 

-176 

-4447.7 

-177 

-3981.7 

NO 

DETECTION 

ii 

81 

5 

7 

17 

8 

40 

10362 

-181 

3264.8 

-181 

3142.3 

UNABLE 

12 

81 

5 

7 

17 

15 

39 

7490 

-176 

4007.6 

UNABLE 

13 

81 

5 

7 

17 

23 

16 

5549 

-163 

-3222.1 

-177 

-2304.1 

NO 

DETECTION 

14 

81 

5 

7 

17 

28 

28 

7440 

NO  DETECTION 

NO 

DETECTION 

15 

81 

5 

7 

17 

33 

20 

9481 

-156 

-3093.0 

-174 

-1988.3 

-179 

-3238.4  ' 

16 

81 

5 

7 

17 

39 

54 

5731 

-164 

-5060.3 

-163 

-4807 . 1 

17 

81 

5 

7 

17 

44 

13 

7824 

NO  DETECTION 

NO 

DETECTION 

18 

81 

5 

7 

17 

51 

3 

8889 

-168 

-742.6 

-178 

369.2 

-178 

-1522.8 

19 

81 

5 

7 

17 

58 

39 

3818 

-173 

-2313.9 

NO 

DETECTION 

NO 

DETECTION 

20 

81 

5 

7 

18 

5 

13 

6678 

-179 

-851.9 

NO 

DETECTION 

NO 

DETECTION 

21 

81 

5 

7 

18 

10 

24 

1586 

-173 

439.4 

-181 

1105.9 

NO 

DETECTION 

22 

81 

5 

7 

18 

15 

29 

7823 

-173 

-2317.6 

-180 

-1067.6 

-182 

-2684.4 

23 

81 

5 

7 

18 

22 

26 

5554 

-173 

1936.9 

-176 

2126.9 

UNABLE 

24 

81 

5 

7 

18 

27 

58 

10282 

-166 

-2156.1 

-176 

-872.1 

NO 

DETECTION 

25 

81 

5 

7 

18 

33 

26 

9594 

-171 

-3492.4 

-178 

-2690.0 

NO 

DETECTION 

26 

81 

5 

7 

18 

37 

25 

12325 

-179 

-4716.4 

NO 

DETECTION 

NO 

DETECTION 

27 

81 

5 

7 

18 

41 

18 

11876 

NO  DETECTION 

-182 

-3675.4 

NO 

DETECTION 

28 

81 

5 

7 

18 

46 

17 

11130 

-172 

-3493.9 

NO 

DETECTION 

NO 

DETECTION 

29 

81 

5 

7 

18 

51 

43 

6120 

-179 

-4868.5 

NO 

DETECTION 

NO 

DETECTION 

30 

81 

5 

7 

18 

59 

21 

7490 

-163 

2350.1 

-171 

2719.2 

UNABLE 

31 

81 

5 

7 

19 

3 

10 

11875 

-169 

-2853.3 

-181 

-1806.3 

NO 

DETECTION 

32 

81 

5 

7 

19 

5 

10 

8892 

NO  DETECTION 

NO 

DETECTION 

-179 

-1814.1 

33 

81 

5 

7 

19 

9 

45 

4254 

-165 

3710.7 

-167 

2686.6 

NO 

DETECTION 

34 

81 

5 

7 

19 

14 

5 

10676 

-172 

3247.9 

UNABLE 

35 

81 

5 

7 

19 

17 

35 

10520 

-161 

3284.7 

UNABLE 

36 

81 

5 

7 

19 

22 

37 

11695 

-167 

-3403.4 

-178 

-2571.2 

-182 

-3562.4 

37 

81 

5 

7 

19 

27 

7 

12114 

-174 

-2288.1 

-175 

-1036.7 

NO 

DETECTION 

38 

81 

5 

7 

19 

32 

39 

10141 

-172 

4106.5 

NO 

DETECTION 

39 

81 

5 

7 

19 

36 

54 

11303 

NO  DETECTION 

NO 

DETECTION 

40 

81 

5 

7 

19 

41 

3 

11425 

-172 

3242.0 

UNABLE 

41 

81 

5 

7 

19 

45 

53 

5213 

-176 

-1485.7 

NO 

DETECTION 

-182 

-2055.8 

42 

81 

5 

7 

19 

50 

7 

7678 

-178 

-2093.1 

NO 

DETECTION 

NO 

DETECTION 

43 

81 

5 

7 

19 

54 

39 

5550 

-177 

-2226.5 

NO 

DETECTION 

NO 

DETECTION 

44 

81 

5 

7 

20 

0 

53 

8072 

-160 

3525.2 

-164 

3328.9 

UNABLE 

25 


r 


NRL 

NO. 

DATE 

TIME 

SAT  NO 

KICKAPOO 
AMP.  FREQ. 

AMP 

WETUMPKA 

FREQ. 

AMP 

GILA  RIVER 
FREQ. 

45 

81 

5 

7 

20 

6 

57 

-164 

-606.2 

-178 

398.7 

NO 

DETECTION 

46 

81 

5 

7 

20 

11 

36 

10019 

-163 

3922.8 

-171 

3792.8 

47 

81 

5 

7 

20 

16 

47 

11600 

-166 

4125.3 

-167 

3951.1 

48 

81 

5 

7 

20 

22 

42 

10561 

-154 

4610.9 

UNABLE 

49 

81 

5 

7 

20 

28 

25 

12071 

-157 

3238.8 

UNABLE 

UNABLE 

50 

81 

5 

7 

20 

32 

41 

11697 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

52 

81 

5 

7 

20 

43 

17 

10590 

-172 

-3182.6 

-181 

-2322.4 

NO 

DETECTION 

53 

81 

5 

7 

20 

49 

25 

10292 

-180 

-1386.2 

NO 

DETECTION 

NO 

DETECTION 

54 

81 

5 

7 

20 

54 

57 

11049 

-165 

-2046.8 

-179 

-835.2 

NO 

DETECTION 

55 

81 

5 

7 

21 

0 

19 

10930 

-169 

-3624.7 

-175 

-2876.8 

NO 

DETECTION 

56 

81 

5 

7 

21 

8 

3 

11168 

-177 

3614.4 

-181 

3495.3 

57 

81 

5 

7 

21 

13 

3 

10589 

-162 

-558.8 

NO 

DETECTION 

NO 

DETECTION 

58 

81 

5 

7 

21 

28 

24 

7827 

-174 

-1260.1 

-181 

-14.9 

NO 

DETECTION 

59 

81 

5 

7 

21 

23 

17 

11680 

-176 

4117.6 

UNABLE 

60 

81 

5 

7 

21 

31 

26 

11303 

-175 

-502.3 

NO 

DETECTION 

-181 

-1364.8 

61 

81 

5 

7 

21 

37 

11 

8287 

-164 

-808.4 

-178 

292.0 

-179 

-1583.1 

62 

81 

5 

7 

21 

41 

12 

9509 

-170 

4072.7 

-175 

3985.3 

63 

81 

5 

7 

21 

46 

34 

5214 

-166 

-1983.3 

NO 

DETECTION 

NO 

DETECTION 

65 

81 

5 

7 

21 

58 

20 

5551 

-175 

-2679.3 

-278 

-1730.6 

NO 

DETECTION 

66 

81 

5 

7 

22 

6 

20 

7684 

-171 

-3264.9 

NO 

DETECTION 

NO 

DETECTION 

67 

81 

5 

7 

22 

14 

21 

6122 

-164 

-3812.5 

-172 

-3152.0 

NO 

DETECTION 

68 

81 

5 

7 

22 

26 

43 

11573 

NO  : 

DETECTION 

-173 

-5070.7 

69 

81 

5 

7 

22 

29 

6 

10961 

-158 

-4909.7 

-169 

-4189.9 

UNABLE 

70 

81 

5 

7 

22 

34 

22 

4588 

-175 

2412.2 

-181 

3527.0 

NO 

DETECTION 

71 

81 

5 

7 

22 

40 

37 

7424 

-158 

1948.7 

NO 

DETECTION 

NO 

DETECTION 

72 

81 

5 

7 

22 

45 

28 

7663 

-162 

1729.4 

-172 

2000.6 

UNABLE 

73 

81 

5 

7 

22 

52 

45 

12149 

-172 

-5411.4 

-174 

-4739.8 

NO 

DETECTION 

74 

81 

5 

7 

22 

59 

14 

6907 

-168 

4629.8 

UNABLE 

75 

81 

5 

7 

23 

4 

37 

11510 

-156 

-3691.3 

-176 

-2232.4 

-175 

-3860.8 

76 

81 

5 

7 

23 

9 

38 

11680 

-162 

2172.9 

UNABLE 

UNABLE 

77 

81 

5 

7 

23 

14 

13 

11165 

-159 

3105.3 

-168 

2975.4 

UNABLE 

78 

81 

5 

7 

23 

19 

47 

5180 

-176 

-5446.1 

-177 

-5181 .7 

79 

81 

5 

7 

23 

23 

3 

4386 

NO  1 

DETECTION 

NO 

DETECTION 

80 

81 

5 

7 

23 

32 

30 

7209 

-166 

-5198.8 

-174 

-4933.9 

82 

81 

5 

7 

23 

42 

13 

6265 

NO  1 

DETECTION 

NO 

DETECTION 

83 

81 

5 

7 

23 

47 

51 

6682 

-183 

2206.5 

UNABLE 

84 

81 

5 

7 

23 

53 

57 

10514 

-168 

2303.5 

-173 

2522.8 

UNABLE 

85 

81 

5 

8 

13 

57 

25 

6118 

-172 

-4602.1 

-179 

-4178.2 

UNABLE 

87 

81 

5 

8 

14 

9 

37 

9011 

NO  : 

DETECTION 

NO 

DETECTION 

88 

81 

5 

8 

14 

15 

45 

10491 

-162 

-3164.1 

-173 

-2518.1 

NO 

DETECTION 

89 

81 

5 

8 

14 

24 

42 

11086 

NO  : 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

26 


f 

! 


S' 


NRL 

NO. 

DATE 

TIME 

SAT  NO 

KICKAPOO 
AMP.  FREQ. 

AMP, 

WETUMPKA 

FREQ. 

GILA  RIVER 
AMP.  FREQ. 

90 

81 

5 

8 

14 

30 

1 

6990 

-175 

-4231.3 

NO 

DETECTION 

NO  DETECTION 

91 

81 

5 

8 

14 

34 

13 

11084 

-168 

2558.0 

-173 

2359.4 

UNABLE 

92 

81 

5 

8 

14 

38 

6 

6270 

-176 

-4106.0 

NO 

DETECTION 

NO  DETECTION 

93 

81 

5 

8 

14 

44 

44 

6262 

-164 

-588.5 

NO 

DETECTION 

-181  -1453.2 

94 

81 

5 

8 

14 

50 

32 

11111 

-172 

-2730.4 

-179 

-670.8 

NO  DETECTION 

95 

81 

5 

8 

14 

51 

48 

11326 

-172 

2518.0 

-167 

2339.9 

NO  DETECTION 

96 

81 

5 

8 

14 

57 

47 

6079 

-162 

3768.8 

-173 

3636.7 

UNABLE 

97 

81 

5 

8 

15 

2 

35 

8873 

NO 

DETECTION 

-180 

3896.7 

98 

81 

5 

8 

15 

7 

42 

4388 

NO 

DETECTION 

NO 

DETECTION 

99 

81 

5 

8 

15 

12 

52 

6851 

-166 

-2940.2 

-174 

-1890.1 

100 

81 

5 

8 

15 

18 

45 

8419 

-158 

-1677.4 

-174 

-944.0 

-181  -2040.6 

101 

81 

5 

8 

15 

24 

49 

7768 

-171 

3669.2 

-165 

3484.7 

NO  DETECTION 

102 

81 

5 

8 

15 

29 

43 

11251 

NO 

DETECTION 

UNABLE 

103 

81 

5 

8 

15 

32 

43 

11331 

-176 

-4169.5 

-171 

-3266.7 

UNABLE 

104 

81 

5 

3 

15 

38 

20 

5614 

-174 

-2346.8 

NO 

DETECTION 

NO  DETECTION 

105 

81 

5 

8 

15 

40 

50 

5211 

-171 

1804.4 

NO 

DETECTION 

NO  DETECTION  . 

107 

81 

5 

8 

15 

52 

33 

5552 

-166 

1948.9 

-179 

2239.7 

NO  DETECTION 

108 

81 

5 

8 

16 

0 

27 

7435 

-178 

-1406.1 

NO 

DETECTION 

NO  DETECTION 

109 

81 

5 

8 

16 

5 

43 

4813 

-151 

-4641.0 

-169 

-4031.7 

110 

81 

5 

8 

16 

7 

40 

9011 

NO 

DETECTION 

NO 

DETECTION 

-182  1354.7 

111 

81 

5 

8 

16 

15 

1 

9610 

-180 

-4651.4 

-168 

-4368.7 

UNABLE 

112 

81 

5 

8 

16 

19 

40 

6991 

NO 

DETECTION 

NO 

DETECTION 

NO  DETECTION 

113 

81 

5 

8 

16 

26 

14 

6852 

-171 

-2202.0 

-176 

-933.1 

-182  -2578.4 

114 

81 

5 

8 

16 

30 

22 

9737 

-162 

2407.2 

-183 

2211.0 

NO  DETECTION 

116 

81 

5 

a 

16 

42 

30 

6392 

-164 

3590.4 

-179 

3455.7 

UNABLE 

117 

81 

5 

8 

16 

49 

43 

11750 

-167 

2063.8 

-174 

2477.2 

UNABLE 

118 

81 

5 

8 

16 

52 

0 

6989 

-179 

-3212.8 

NO 

DETECTION 

-181  -3483.4 

119 

81 

5 

8 

16 

56 

59 

9846 

-160 

2433.9 

-172 

2282 . 1 

UNABLE 

120 

81 

5 

8 

17 

3 

26 

4388 

-169 

1944.5 

NO 

DETECTION 

NO  DETECTION 

121 

81 

5 

8 

17 

7 

43 

7005 

-177 

2279.5 

-174 

4157.1 

NO  DETECTION 

123 

81 

5 

8 

17 

19 

17 

1586 

-177 

-162.7 

NO 

DETECTION 

UNABLE 

124 

81 

5 

8 

17 

23 

50 

5683 

-159 

-5528 . 1 

-171 

-5206.8 

125 

81 

5 

8 

17 

29 

14 

9903 

NO 

DETECTION 

NO 

DETECTION 

126 

81 

5 

8 

17 

36 

9 

9594 

NO 

DETECTION 

NO 

DETECTION 

127 

81 

5 

8 

17 

40 

4 

11042 

NO 

DETECTION 

NO 

DETECTION 

128 

81 

5 

8 

17 

44 

26 

10935 

NO 

DETECTION 

NO 

DETECTION 

129 

81 

5 

8 

17 

48 

50 

11130 

NO 

DETECTION 

NO 

DETECTION 

130 

81 

5 

8 

17 

52 

32 

12109 

NO 

DETECTION 

NO 

DETECTION 

27 


NRL  DATE  TIME  SAT  NO.  KICKAPOO  WETUMPKA  GILA  RIVER 

NO.  AMP.  FREQ.  AMP.  FREQ.  AMP.  FREQ. 


131 

81 

5 

8 

17 

55 

57 

12107 

NO 

DETECTION 

NO 

DETECTION 

132 

81 

5 

8 

18 

0 

6 

11045 

NO 

DETECTION 

NO 

DETECTION 

133 

81 

5 

8 

18 

3 

33 

8799 

-169 

4073.9 

NO 

DETECTION 

134 

81 

5 

8 

18 

9 

31 

9853 

-168 

-5489.6 

-173 

-5174.6 

135 

81 

5 

8 

18 

13 

12 

7714 

-167 

2501.2 

UNABLE 

UNABLE 

136 

81 

5 

8 

18 

18 

30 

11044 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

137 

81 

5 

8 

18 

24 

2 

11297 

-172 

-3466.0 

-183 

-2594.3 

NO 

DETECTION 

138 

81 

5 

8 

18 

28 

18 

11129 

-174 

-2972.8 

-179 

-1973.1 

NO 

DETECTION 

139 

81 

5 

8 

18 

29 

38 

7272 

-169 

-3130.9 

-174 

-2206.9 

NO 

DETECTION 

140 

81 

5 

8 

18 

36 

16 

10289 

NO 

DETECTION 

-178 

-1649.9 

NO 

DETECTION 

141 

81 

5 

8 

13 

41 

8 

4254 

-168 

2488.0 

-165 

2618.1 

UNABLE 

142 

81 

5 

3 

18 

45 

12 

4578 

-169 

-6006.4 

-171 

-5679.4 

143 

81 

5 

8 

18 

50 

35 

11133 

NO 

DETECTION 

NO 

DETECTION 

144 

81 

5 

8 

18 

54 

40 

11543 

-180 

-4560.3 

NO 

DETECTION 

NO 

DETECTION 

145 

81 

5 

8 

19 

1 

13 

10290 

-176 

-3073.6 

NO 

DETECTION 

NO 

DETECTION 

146 

81 

5 

8 

19 

4 

17 

2801 

-178 

3376.1 

NO 

DETECTION 

147 

81 

5 

8 

19 

9 

26 

11879 

-171 

-3386.9 

-177 

-2559.3 

NO 

DETECTION 

148 

81 

5 

8 

19 

14 

1 

9591 

NO 

DETECTION 

NO 

DETECTION 

149 

81 

5 

8 

19 

18 

39 

8291 

-167 

-2031.3 

NO 

DETECTION 

-183 

-2464.7 

150 

81 

5 

8 

19 

22 

55 

11540 

-172 

-1741.5 

NO 

DETECTION 

NO 

DETECTION 

151 

81 

5 

8 

19 

27 

46 

12054 

-156 

2226.7 

NO 

DETECTION 

152 

81 

5 

8 

19 

31 

46 

6986 

-169 

-1652.2 

-183 

-339.9 

NO 

DETECTION 

153 

81 

5 

8 

19 

35 

47 

11542 

-168 

-2123.5 

NO 

DETECTION 

NO 

DETECTION 

154 

81 

5 

8 

19 

42 

20 

11130 

-172 

-537.7 

-179 

454.1 

-177 

-1402.0 

155 

81 

5 

8 

19 

47 

20 

6121 

-176 

-4391.9 

-182 

-3941.3 

NO 

DETECTION 

156 

81 

5 

8 

19 

51 

33 

10288 

NO 

DETECTION 

NO 

DETECTION 

157 

81 

5 

8 

19 

56 

5 

11544 

-164 

-2208.0 

NO 

DETECTION 

NO 

DETECTION 

158 

81 

5 

8 

22 

0 

44 

7825 

-161 

-1823.9 

NO 

DETECTION 

-181 

-2250.3 

159 

81 

5 

8 

20 

6 

4 

12327 

-164 

-529.5 

NO 

DETECTION 

-180 

-1392.1 

160 

81 

5 

8 

20 

10 

32 

11302 

-165 

-2720.8 

NO 

DETECTION 

NO 

DETECTION 

161 

81 

5 

8 

20 

15 

55 

1571 

-162 

438.0 

NO 

DETECTION 

-183 

-1121.3 

162 

81 

5 

8 

20 

23 

00 

10589 

-165 

-2251.4 

-177 

-1073.1 

NO 

DETECTION 

163 

81 

5 

8 

20 

28 

22 

7827 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

165 

81 

5 

8 

20 

39 

20 

4387 

NO 

DETECTION 

NO 

DETECTION 

166 

81 

5 

8 

20 

45 

31 

11134 

-178 

-1252.3 

-176 

-21.1 

NO 

DETECTION 

167 

81 

5 

8 

20 

51 

17 

7274 

-180 

3210.4 

NO 

DETECTION 

UNABLE 

168 

81 

5 

8 

20 

56 

49 

9025 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

169 

81 

5 

8 

21 

1 

30 

11135 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

170 

81 

5 

8 

21 

6 

2 

3158 

NO 

DETECTION 

-179 

3325.6 

NO 

DETECTION 

171 

81 

5 

8 

21 

10 

26 

9593 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

172 

81 

5 

8 

21 

18 

22 

3229 

-172 

3430.7 

UNABLE 

173 

81 

5 

8 

21 

24 

8 

7424 

-171 

2251  .4 

UNABLE 

UNABLE 

174 

81 

5 

8 

21 

30 

17 

7291 

NO 

DETECTION 

NO 

DETECTION 

NO 

DETECTION 

175 

81 

5 

8 

21 

33 

15 

3576 

-172 

-3219.6 

-169 

-2082.5 

-181 

-3483.4 

176 

81 

5 

8 

21 

39 

29 

10776 

NO 

DETECTION 

NO 

DETECTION 

177 

81 

5 

8 

21 

46 

46 

11320 

-179 

3888.0 

-172 

3749.6 

178 

81 

5 

8 

21 

53 

24 

10744 

-178 

3648.7 

-176 

3«77. 5 

UNABLE 

179 

81 

5 

8 

21 

58 

56 

10961 

NO 

DETECTION 

NO 

DETECTION 
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Appendix  C 


NAV8PASUR/NRL  Satellite  Report 
Satellite  No.  10362 

Date  and  Tiee  of  Pass  81/09/07/17/08/40.4 
NRL  Control  No.  11 
Archive  Data  Available  yes 

Tiee  of  Arrivals  Measured  —  Sigma  Predicted 

Kickapoos  not  detected 


+0.4 
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Satsl lit*  No.  10S20 

Data  and  Tiss  of  Pass  81/03/07/19/17/34. 6 

NRL  Control  No.  33 

Archivs  Data  Availabls  yss 


Tins  of  Arrivali  Msasursd  -0.44  Sigsa  0.3  Prsdictsd 


Kickapoos 

Dopp 1 sr  Msasursd 

+3280.1 

Sigsa 

1. 

Chirp  Msasursd 

-20. 

Sigsa 

3. 

Asplituds  Msasursd  -160 

dbs 

Wstuspkai 

Dopp 1st  Msasursd 

+3301.4 

Si  gsa 

1. 

Chirp  Msasursd 

• 

O 

9 

1 

Sigsa 

3. 

Asplituds  Msasursd  -161 

dbs 

Prsdictsd 

Prsdictsd 


Prsdictsd 

Prsdictsd 


0.4 

3270. 

-29.4 


3286. 

-42.3 
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Satallita  No.  10141 


Data  and  Tima  of  Pass  81/05/07/19/32/39 
NRL  Control  No.  38 
Archiva  Data  Aval labia  no 

Tina  of  Arrival*  Maasurad  ♦0.14  Signa  0.3 
Kickapoo* 

Dopplar  Maasurad  ♦4102.6  Sigma  1.  Pradictad 

Chirp  Maasurad  -17.  Signs  10. 

Aaplituda  Maasurad  -173  dbn 
Watuapka*  not  datactad 


4090. 
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Satellite  No.  10019 


Date  and  Tima  of  Pass  81/03/07/20/1 1/33. 7 
NRL  Control  No.  46 
Archive  Data  Available  yes 

Ties  of  Arrival!  Measured  -0.4  Sigaa  0.3  Predicted  -0.3 
Kickapooi 

Doppler  Measured  +3919.8  Sigma  1.  Predicted  3906. 

Chirp  Measured  -17.  Sigma  2.  Predicted  -23.3 

Amplitude  Measured  -161  dbm 

Wetumpkai 

Doppler  Measured  +3798.2  Sigaa  1.  Predicted  3781. 

Chirp  Measured  -34.  Sigma  2.  Predicted  -34.2 

Amplitude  Measured  -167  dbm 
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Satellite  No.  10361 


Data  and  Tina  o-f  Pass  81/03/07/20/22/41.8 
NRL  Control  No.  48 
Archivs  Data  Aval labia  yas 

Tima  of  Arrivali  Maasurad  -0.36  Sigma  0.3  Pradictad  -0.2 
Kickapooi 

Dopplar  Maasurad  +4394.  Sigma  1.  Pradictad  4592. 

Chirp  Maasurad  -18.  Sigma  1.  Pradictad  -27.7 

Aaplituda  Maasurad  -149  dbm 

Wetumpka: 

Dopplar  Maasurad  +4332.  Sigma  1.  Pradictad  4329. 

Chirp  Maasurad  -42.  Sigma  1.  Pradictad  -42.2 

Aaplituda  Maasurad  -139  dbm 


33 


Satal lit*  No.  1116S 

Data  and  Tima  of  Pass  81/03/07/23/14/13. 0 
NRL  Control  No.  77 
Archive  Data  Aval labia  yas 


Tina  of  Arrival*  tiaasurad  -*0.3  Sigaa  .3  Pradictad  0.0 


Kickapooi 

Dopplar  tiaasurad  +3108. 1 

Sigaa 

1. 

Predicted 

3093. 

Chirp  Measured  -17.4 

Sigma 

1. 

Predicted 

-38. 1 

Amplitude  tiaasurad  -133 

Wetumpkai 

Dopplar  tiaasurad  +2983.9 

dbm 

Sigma 

1. 

Predicted 

2962. 

Chirp  tiaasurad  -37 

Sigma 

1. 

Predicted 

-37.4 

Aaplituda  tiaasurad  -160 

6ila  River j  not  detected 

dbm 
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Satellite  No.  10S14 

Oat*  and  Ti*«  of  Pass  81/09/07/23/53/56.6 
NRL  Control  No.  84 
Archiv*  Data  Avail abl*  y* s 


Tim*  of  Arrival!  Measured 

-0.  06 

Si  gma 

0.3  Predicted 

Kickapooi 

Dap pi mr  Measured 

+2312.0 

Si  g  ma 

1. 

Predicted 

Ch i r  p  Measured 

-17. 

Sigma 

10. 

Predicted 

Amplitude  Measured  -159 

dbm 

Wetumpkai 

Doppl er  Measured 

+2542.  0 

Si  gma 

1. 

Predicted 

Chirp  Measured 

-47.5 

Sigma 

1. 

Predicted 

Amplitude  Measured  -162 

dbm 

Gila  River! 

Doppler  Measured 

+2248. 

Sigma 

5. 

Predicted 

Ch i r p  Measured 

-36. 

Sigma 

5. 

Predicted 

Amplitude  Measured  -174 

dbm 

-0.4 

2296. 

-46.6 

2522. 

-46.2 

2242. 

-29.9 
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Satellite  No.  11084 

Data  and  Tima  of  Pass  81/05/08/14/34/13.0 
NRL  Control  No.  91 
Archiva  Data  Available  yas 

Tima  of  Arrival!  Measured  -0.38  Sigma  0 


Kickapoot 

Doppler  Measured 

+2564. 1 

Sigma 

1. 

Chirp  Measured 

-12. 

Sigma 

1. 

Amplitude  Measured  -165 

dbm 

Wetumpkai 

Do pp 1 er  Measured 

+2366. 9 

Si  gma 

1. 

Chirp  Measured 

-25. 

Sigma 

1. 

Amplitude  Measured  -165 

dbm 

Qila  River!  not  detected 

. 1  Predicted  0.0 

Predicted  2552. 
Predicted  -20.6 

Predicted  2353. 
Predicted  -25.3 
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Satall it*  No.  11231 


Data  and  Tima  of  Pass  81/03/08/15/29/42.6 
IWL  Control  No.  102 
Archiv*  Data  Aval labia  yas 


Tima  of  Arrival!  Maasurad 

-1.62 

Sigma 

0.1  Predicted 

-0.4 

Kickapoot 

Doppl *r  Maasurad  -4037.7 

Sigma 

1. 

Predicted 

-4027 

Chirp  Maasurad  -4.9 

Sigma 

1. 

Predicted 

-33.7 

Amplitud*  Measured  -151 

dbm 

Wetumpkai 

Doppler  Measured  -4076.8 

Sigma 

1. 

Predicted 

-4055, 

Chirp  Measured  -60. 

Sigma 

2. 

Predicted 

-61.9 

Amplitude  Measured  -156 

dbm 
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Satsllits  No.  11750 


Data  and  Tim*  erf  Pass  81/05/08/16/49/43.1 
NRL  Control  No.  117 
Archivs  Data  Available  yss 

Ti«t  erf  Arrivals  Msasursd  -0.14  Sigma  .15  Prsdictsd  +0.1 


Klckapoos 

Dopplsr  Msasursd  +2064.7 

Sigma 

1. 

Prsdictsd 

2059. 

Chirp  Msasursd  -15.8 

Sigma 

1. 

Prsdictsd 

-28.3 

Aaplituds  Msasursd  -172 

Wstumpkas 

Dopplsr  Msasursd  +2409.0 

dbm 

Sigma 

1. 

Prsdictsd 

2470. 

Chirp  Msasursd  -40.2 

Sigma 

1. 

Prsdictsd 

-41.1 

Amplituds  Msasursd  -169 

6ila  Rivsri  not  dstsctsd 

dbm 

Satellite  No.  10289 

Date  and  Tina  o-f  Pass  81/0S/08/18/36/16.0 
NRL  Control  No.  140 
Archive  Data  Available  yee 

Tiee  o-f  Arrivals  Measured  —  Sigma  Predicted  +0.0 

Kickapoos  not  detected 
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Satellite  No.  120S4 

Data  and  Tima  of  Pass  81/03/08/19/27/46.0 
NRL  Control  No.  131 
Archive  Data  Available  yes 

Ties  of  Arrival  *  Measured  -0.23  Sigma  0.1  Predicted  0.0 
Kickapoos 

Doppler  Measured  -*-2227. 9  Sigma  1.  Predicted  2223. 

Chirp  Measured  -18.  Sigma  1.  Predicted  -29.6 

Amplitude  Measured  -148  dbm 
Wetumpkai  not  detected 
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Satellite  No.  10776 

Data  and  Tima  of  Pass  81  /03/08/21 /39/29 
NRL  Control  No.  176 
Archive  Data  Available  no 

Tiee  of  Arrivals  Measured  -0.27  Sigea  0.1 
Kickapooi 

Doppler  Measured  -5112.6  Sigma  2.  Predicted  -5095. 

Chirp  Measured  12.  Sigma  5. 

Amplitude  Measured  -177  dbm 
Wetumpkas  not  detected 
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